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Description
Technical Field

[0001] The presentinvention relates to an opening and
closing device and a respiratory assistance device.

Background Art

[0002] Respiratory assistance devices such as artifi-
cial respirators are used in medical practice. A typical
respiratory assistance device includes an oxygen supply
source such as an oxygen tank, an inspiratory pipe con-
nected to the supply source, a mask attached to a tip of
the inspiratory pipe, an expiratory pipe branched from
the inspiratory pipe, an expiratory valve fixed to a tip of
the expiratory pipe, etc. (for example, Japanese Patent
Application Laid-Open Nos. Hei. 02-131765, Hei.
02-131773, Hei. 02-131774, and Hei. 05-245204).
[0003] Various methods such as a controlled ventila-
tion (Controlled Ventilation) method used for a patient in
the absence of spontaneous breathing (a patient under
general anesthesia, during cardiopulmonary resuscita-
tion, or in a critical condition) and an assisted ventilation
(Assisted Ventilation) method in which a positive pres-
sure (Positive Pressure) is created in an air passage in
synchronization with the spontaneous breathing of a pa-
tient are employed for such respiratory assistance devic-
es.

[0004] In a respiratory assistance device employing
any of these methods, oxygen sent out from the oxygen
tank is supplied to lungs as inspiratory air via the inspir-
atory pipe. The oxygen supplied to the lungs is then ex-
haled by the lungs as expiratory air. If the expiratory air
is discharged into the expiratory pipe, a pressure in the
expiratory pipe is increased. A control unit then receives
a sensing signal from a pressure sensor having detected
the pressure increase in the expiratory pipe and opens
the expiratory valve. In this manner, the expiratory air is
emitted to the outside from the expiratory pipe.

Summary of Invention
Technical Problem

[0005] A diaphragm valve has been known as an ex-
piratory valve employed in such a respiratory assistance
device. The diaphragm valve includes: a valve seat
formed along a circumference of an opening of a hole
through which the expiratory air passes (hereinafter re-
ferred to as an expiratory hole); and a valve element mov-
able between a position supported by the valve seat and
blocking the expiratory hole and a position away from the
valve seat and opening the expiratory hole.

[0006] Although such a diaphragm valve is switchable
between a state in which the entire expiratory hole is
opened (hereinafter, referred to as an open state) and a
state in which the entire expiratory hole is closed (here-
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inafter, referred to as a closed state), switching to a state
in which part of the expiratory hole is opened, i.e., an
intermediate state between the open state and the closed
state is difficult to achieve.

[0007] The present invention has been made in view
of the above problem, and it is an object of the present
invention to provide an opening and closing device ca-
pable of switching among the open state, the closed
state, and the intermediate state therebetween, and a
respiratory assistance device including the opening and
closing device.

Solution to Problem

[0008] Owing to the diligent studies by the present in-
ventor, the above-described object can be achieved by
the following means.

[0009] An opening and closing device of the present
invention includes: a separating member having a sep-
arating surface in which a flow hole is opened; and an
opening and closing mechanism for opening and closing
the flow hole. The opening and closing mechanism is
movable along the separating surface between a first po-
sition and a second position each having a different ap-
erture area of the flow hole. When a direction perpendic-
ular to a moving direction of the opening and closing
mechanism is defined as a width direction, an aperture
length of the flow hole in the width direction increases or
decreases from the first position toward the second po-
sition.

[0010] Preferably, an aperture ratio of the flow hole
when the opening and closing mechanism is located in
the first position is smaller than that when the opening
and closing mechanismis located in the second position,
and a rate of change in an aperture length of the flow
hole in the moving direction of the opening and closing
mechanism is smaller at the first position than at the sec-
ond position.

[0011] Preferably, a plurality of the flow holes are pro-
vided in the separating member. Moreover, the opening
and closing mechanism preferably closes the plurality of
the flow holes simultaneously.

[0012] Preferably, the opening and closingmechanism
is movable among the first position, the second position,
and a third position, the first position is disposed between
the second position and the third position, the flow hole
is closed at the first position, and the flow hole is opened
at the second position and the third position. Moreover,
a variation profile of the aperture length of the flow hole
from the first position toward the third position is prefer-
ably different from a variation profile of the aperture length
of the flow hole from the first position toward the second
position. Alternatively, a variation profile of the aperture
length of the flow hole from the first position toward the
third position may be the same as a variation profile of
the aperture length of the flow hole from the first position
toward the second position.

[0013] A piezoelectric element for holding the opening
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and closing mechanism and moving the opening and
closing mechanism by its deformation, and a controller
for controlling the deformation of the piezoelectric ele-
ment are preferably included. Moreover, a piezoelectric
element and a controller for controlling deformation of
the piezoelectric element are further included, and part
of the piezoelectric element serves as the opening and
closing mechanism. Furthermore, a travel amount of the
opening and closing mechanism preferably corresponds
to a level of a signal input from the controller to the pie-
zoelectric element.

[0014] An aperture area adjusting member movable
along the separating surface is preferably further includ-
ed, and a gap through which part of the flow hole is ex-
posed is formed between the aperture area adjusting
member and the opening and closing mechanism. More-
over, the aperture area adjusting member is preferably
connected to the opening and closing mechanism.
[0015] A respiratory assistance device of the present
invention includes the above-described opening and
closing device, and the separating member is formed by
a mask for covering a nose or a mouth, and a communi-
cating pipe communicated with a space formed inside
the mask in a worn state.

[0016] Preferably, the flow hole is formed in the mask.
Alternatively, the flow hole may be formed in the com-
municating pipe. The flow hole preferably forms an ex-
piratory pathway through which expiratory air exhaled
from the nose or the mouth passes.

Advantageous Effects of Invention

[0017] The opening and closing device of the present
invention allows for switching among the open state, the
closed state, and the intermediate state therebetween.
Moreover, such an opening and closing device is suitable
as an opening and closing device (for example, an ex-
piratory valve) in a respiratory assistance device.

Brief Description of Drawings
[0018]

Fig. 1 is a schematic diagram illustrating a configu-
ration of a respiratory assistance device according
to a first embodiment of the present invention.

Fig. 2 includes perspective views illustrating the
overview of an expiratory valve provided in a mask,
where Fig. 2(A) shows a state in which the expiratory
valve opens an expiratory hole, and Fig. 2(B) shows
a state in which the expiratory valve blocks the ex-
piratory hole.

Fig. 3 is a block diagram illustrating a hardware con-
figuration of a control unit.

Fig. 4 is a block diagram illustrating a functional con-
figuration of the control unit.

Fig. 5 is a graph showing a relationship between an
input voltage V to a piezo element and a travel
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amount M of a tip of the expiratory valve, in which
the horizontal axis represents the input voltage V to
the piezo element, and the vertical axis represents
the travel amount M of the tip of the expiratory valve.
Fig. 6(A) is an explanatory diagram illustrating the
overview of the expiratory valve, the expiratory hole,
and their surroundings when the input voltage V =
V,, Fig. 6(B) is an explanatory diagram illustrating
the overview of the expiratory valve, the expiratory
hole, and their surroundings when the input voltage
V = Vg, and Fig. 6(C) is an explanatory diagram il-
lustrating the overview of the expiratory valve, the
expiratory hole, and their surroundings when the in-
put voltage V = V.

Fig. 7 is an explanatory diagram showing a relation-
ship between moving directions of the expiratory
valve and the shape of the expiratory hole.

Fig. 8 is a graph showing a relationship between an
input voltage V to the piezo element and an aperture
ratio S/Syax of the expiratory hole in the case of Fig.
6, in which the horizontal axis represents the input
voltage V to the piezo element, and the vertical axis
represents the aperture ratio S/Sy;5y of the expira-
tory hole.

Fig. 9 includes schematic diagrams illustrating ex-
emplary control of the respiratory assistance device,
where Fig. 9(A) shows a case where a user exhales
air, and Fig. 9(B) shows a case where a user inhales
air.

Fig. 10(A) is an explanatory diagram illustrating the
overview of the expiratory valve, the expiratory hole,
and their surroundings when the input voltage V =
V,, Fig. 10(B) is an explanatory diagram illustrating
the overview of the expiratory valve, the expiratory
hole, and their surroundings when the input voltage
V = Vg, and Fig. 10(C) is an explanatory diagram
illustrating the overview of the expiratory valve, the
expiratory hole, and their surroundings when the in-
put voltage V = V.

Fig. 11 is a graph showing a relationship between
an input voltage V to the piezo element and an ap-
erture ratio /Sy of the expiratory hole in the case
of Fig. 10, in which the horizontal axis represents the
input voltage V to the piezo element, and the vertical
axis represents the aperture ratio S/Sypx of the ex-
piratory hole.

Fig. 12 is an explanatory diagram illustrating the
overview of the expiratory valve, the expiratory
holes, and their surroundings.

Fig. 13 is a graph showing a relationship between
an input voltage V to the piezo element and an ap-
erture ratio S/Sy;px of the expiratory hole in the case
of Fig. 12, in which the horizontal axis represents the
input voltage V to the piezo element, and the vertical
axis represents the aperture ratio S/Sypx of the ex-
piratory hole.

Fig. 14 is an explanatory diagram illustrating the
overview of the expiratory valve, the expiratory
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holes, and their surroundings.

Fig. 15 is a graph showing a relationship between
an input voltage V to the piezo element and an ap-
erture ratio S/Syax of the expiratory hole in the case
of Fig. 14, in which the horizontal axis represents the
input voltage V to the piezo element, and the vertical
axis represents the aperture ratio S/Sy;,x of the ex-
piratory hole.

Fig. 16(A) is an explanatory diagram illustrating the
overview of the expiratory valve, the expiratory hole,
and their surroundings when the input voltage V =
V,, Fig. 16(B) is an explanatory diagram illustrating
the overview of the expiratory valve, the expiratory
hole, and their surroundings when the input voltage
V = Vg, and Fig. 16(C) is an explanatory diagram
illustrating the overview of the expiratory valve, the
expiratory hole, and their surroundings when the in-
put voltage V = V.

Fig. 17 is a graph showing a relationship between
an input voltage V to the piezo element and an ap-
erture ratio S/Syax of the expiratory hole in the case
of Fig. 16, in which the horizontal axis represents the
input voltage V to the piezo element, and the vertical
axis represents the aperture ratio S/Sy;, of the ex-
piratory hole.

Fig. 18(A) is an explanatory diagram illustrating the
overview of an expiratory valve in an opened state,
and Fig. 18(B) is an explanatory diagram illustrating
the overview of the expiratory valve in a blocked
state.

Fig. 19(A) is an explanatory diagram illustrating a
state in which only an aperture area adjusting mem-
ber blocks part of the expiratory hole, and Fig. 19(B)
is an explanatory diagram illustrating a state in which
each of an opening and closing mechanism and the
aperture area adjusting member blocks part of the
expiratory hole.

Fig. 20 is a graph showing a relationship between
an input voltage V to the piezo element and an ap-
erture ratio S/Syax of the expiratory hole in the case
of Fig. 19, in which the horizontal axis represents the
input voltage V to the piezo element, and the vertical
axis represents the aperture ratio S/Syax of the ex-
piratory hole.

Fig. 21(A) is an explanatory diagram illustrating the
overview of an expiratory valve in an opened state,
and Fig. 21(B) is an explanatory diagram illustrating
the overview of the expiratory valve in a blocked
state.

Fig. 22 is a schematic diagram illustrating a config-
uration of a respiratory assistance device according
to the second embodiment of the present invention.
Fig. 23(A) is a cross-sectional view illustrating an
exemplary configuration of a micro pump, and Fig.
23(B) is a graph showing pressure-flow rate lines of
the micro pump. Description of Embodiments

[0019] Embodiments of the present invention will now
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be described below with reference to the accompanying
drawings.

[0020] Fig. 1 illustrates an exemplary configuration of
a respiratory assistance device 10 for medical use ac-
cording to the first embodiment of the present invention.
The respiratory assistance device 10 includes: a mask
13 having an expiratory hole 13a and an inspiratory hole
13b; an inspiratory pipe 12 inserted into the inspiratory
hole 13b; a supply source 11 provided in the inspiratory
pipe 12 and sending out an inspiratory gas; an air gage
14 for measuring a gas pressure in the mask 13; an ex-
piratory valve 15 provided in the mask 13 and serving as
an opening and closing mechanism for the expiratory
hole 13a; a plurality of safety members 16 provided
around the expiratory hole 13a so as to protrude toward
the outer side of an expiratory pathway; and a control
unit 17 for performing overall control on the entire device.
The mask 13 and the expiratory valve 15 together form
an opening and closing device.

[0021] The mask 13 is a wearable device that covers
a mouth and a nose and serves as a member for sepa-
rating a mouth and a nose from external space (a sepa-
rating member). The inspiratory pipe 12 and the mask
13 are communicated with each other via the inspiratory
hole 13b. An inspiratory pathway is formed by the inspir-
atory pipe 12, the inspiratory hole 13b, and the mask 13.
The expiratory pathway is formed by the mask 13 and
the expiratory hole 13a. Note that the mask 13 may be
a wearable device that covers either a mouth or a nose.
[0022] The supply source 11 includes: a gas tank 19
that retains a gas such as air or oxygen in a compressed
state; a regulating valve 20 for regulating a flow rate of
the gas sent out from the gas tank 19; and a flowmeter
21 for measuring the flow rate of the gas regulated by
the regulating valve 20. The regulating valve 20 is con-
trolled on the basis of sensing data (measured results,
sensing signals) of the air gauge 14 and the flowmeter
21. The regulating valve 20 is not limited to any particular
type of valve, and may be an electric valve, an electro-
magnetic valve having a high response speed, or the like.
The flowmeter 21 outputs the sensing data to the control
unit 17.

[0023] The inspiratory pipe 12 is formed by a bellows
tube made of a resin. The inspiratory pipe 12 forms a
space together with the mask 13 worn by a patient to
serve as a pathway for the gas sent out from the supply
source 11. A gas pressure inside the inspiratory pipe 12
coincides with a gas pressure in the mask 13 worn by
the patient in a steady state. The air gauge 14 outputs
the sensing data to the control unit 17.

[0024] AsshowninFig.2,the expiratory valve 15 emits
the gas in the mask 13 to the outside of the mask 13 by
opening and closing the expiratory hole 13a in the form
of a slit and functions as a check valve for preventing a
back-flow of such a released gas. The plate-shaped ex-
piratory valve 15 is a valve having a monomorph (uni-
morph) structure in which a piezo element (piezoelectric
element) 15a, which is displaced according to an amount
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of applied voltage, is layered on a metal plate 15b and
having a one-end supported (cantilever) structure. Fur-
thermore, the respiratory assistance device 10 has a fix-
ing member 22 for fixing one end of the expiratory valve
15 to the mask 13. The fixing member 22 is provided so
as to erect from an inner surface 13f of the mask 13. The
one end of the expiratory valve 15 is fixed to the mask
13 by the fixing member 22 with a position erecting from
the inner surface 13f. A cantilever length of the expiratory
valve 15 is preferably about 30 mm or more and about
40 mm or less. A stroke by which the expiratory valve 15
is displaced is preferably 2 mm or more and 3 mm or
less. Note that the piezo element may have a both-end
supported structure.

[0025] The piezo element 15a is deformable between
an extended state (see Fig. 2(A)) and an arched state
(see Fig. 2(B)) according to the level of an input voltage.
When the piezo element 15ais in the arched state, a side
surface 15m of the expiratory valve 15 is located on an
aperture plane of the expiratory hole 13a, thus blocking
the expiratory hole 13a. When the piezo element 15a is
in the extended state, on the other hand, the side surface
15m of the expiratory valve 15 is away from the expiratory
hole 13a, thus opening the expiratory hole 13a (see Fig.
2(A)). Inthis manner, the expiratory valve 15is switchable
between the state in which the expiratory hole 13a is
opened and the state in which the expiratory hole 13a is
blocked, by the deformation of the piezo element 15a
along the side surface 15m. In this manner, the expiratory
valve 15 can transition, due to the deformation of the
piezo element 15a, between the state in which the expir-
atory hole 13a formed in the mask 13 is opened (here-
inafter, referred to as a opened state) (see Fig. 2(A)) and
the state in which the expiratory hole 13a is blocked by
the side surface 15m of the expiratory valve 15 (herein-
after, referred to as a blocked state) (see Fig. 2(B)). Note
that the side surface 15m of the expiratory valve 15 may
slide on the inner surface 13f by the deformation of the
piezo element 15a along the side surface 15m. Addition-
ally, the inner surface 13f may be aflat surface ora curved
surface.

[0026] As will be described later, the piezo element
15a is in the arched state under the application of a volt-
age and in the extended state without the application of
a voltage. Note that the piezo element 15a may be con-
figured to be in the extended state under the application
of avoltage and in the arched state without the application
of a voltage. Although the expiratory valve 15 having the
monomorph structure has been discussed here, it is ap-
parent that a bimorph structure including two piezo ele-
ments attached to each other may be employed instead.
[0027] Referring back to Fig. 1, if the expiratory hole
13a is covered by an object outside the mask 13, the
actuation of the expiratory valve 15 fails to secure the
expiratory pathway. In view of this, it is preferable that
the mask 13 be provided with the safety members 16.
The safety members 16 are formed so as to protrude
from an outer surface 13g of the mask 13 and arranged
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to be dotted near the expiratory hole 13a. This can form
a gap between the aperture plane of the expiratory hole
13aonthe outer surface 13g side and the object covering
the expiratory hole 13a. Thus, the expiratory pathway
can be secured by the actuation of the expiratory valve
15.

[0028] As shown in Fig. 3, the control unit 17 includes
a CPU 24, a first storage medium 25, a second storage
medium 26, a third storage medium 27, an input device
28, a display device 29, an input and output interface 30,
and a bus 31.

[0029] The CPU 24 is whatis called a central process-
ing unit. Various programs are executed by the CPU 24
to implement various functions of the control unit 17. The
first storage medium 25 is what is called a RAM (Random
Access Memory) and used as a work area of the CPU
24. The second storage medium 26 is what is called a
ROM (Read Only Memory) and stores a basic operating
system executed by the CPU 24. The third storage me-
dium 27 is configured, for example, by a hard disk device
with a built-in magnetic disk, a disk device for accommo-
dating a CD, a DVD, or a BD, and a non-volatile semi-
conductor flash memory device. The third storage medi-
um 27 stores various programs to be executed by the
CPU 24.

[0030] The input device 28, which is an input key, a
keyboard, or a mouse, inputs a variety of information.
Thedisplay device 29, whichis adisplay, displays various
operational states. A power supply and control signals
for operating the expiratory valve 15 are input to and out-
put from the input and output interface 30. The input and
output interface 30 further acquires data, such as a pro-
gram, from an external personal computer. The bus 31
serves as wiring for integrally connecting, for example,
the CPU 24, the first storage medium 25, the second
storage medium 26, the third storage medium 27, the
input device 28, the display device 29, and the input and
output interface 30, and the like to perform communica-
tion among them.

[0031] Fig. 4 shows afunctional configuration obtained
by executing a control program stored in the control unit
17 by the CPU 24. The control unit 17 includes, as a
functional configuration, a sensing unit 34, an expiratory
valve control unit 35, and a regulating valve control unit
36. The sensing unit 34 constantly acquires, and then
transmits to the expiratory valve control unit 35, the sens-
ing data of the air gauge 14. Additionally, the sensing
unit 34 constantly acquires, and then transmits to the
regulating valve control unit 36, the sensing data of the
air gauge 14 and the flowmeter 21. The expiratory valve
control unit 35 refers to the sensing data of the air gauge
14 and outputs a control signal based on this sensing
data to the piezo element 15a. The regulating valve con-
trol unit 36 refers to the sensing data of the air gauge 14
and the flowmeter 21, and outputs a control signal based
on this sensing data to the regulating valve 20. In this
manner, a predetermined flow rate value can be ob-
tained.
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[0032] The details of the expiratory valve 15 and the
expiratory hole 13a will be described next.

[0033] As shown in Fig. 5, a travel amount M of a tip
15h (see Fig. 6) of the expiratory valve 15 is directly pro-
portional to the level of a control signal output from the
expiratory valve control unit 35, i.e., the magnitude of an
input voltage V. Therefore, the tip 15h of the expiratory
valve 15 moves in a direction Dy, as the input voltage V
increases, and moves in a direction Dy, as the input
voltage V decreases.

[0034] If the direction perpendicular to the direction
Dy is defined as a width direction Dy, a length L,y of
the expiratory hole 13a in the width direction D, decreas-
es toward the direction Dy, (see Fig. 7).

[0035] Here, if the aperture area of the expiratory hole
13a itself is denoted by Syax, an area of the expiratory
hole 13a not covered by the expiratory valve 15 (opening
area) is denoted by S, and an aperture ratio of the expir-
atory hole 13a is denoted by S/Syax, the aperture ratio
of the expiratory hole 13a decreases non-linearly as the
input voltage V increases (see Fig. 8). In other words,
the gradient of the graph in Fig. 8 is in a negative value
range and increases as the input voltage V increases.
[0036] A control example forthe respiratory assistance
device 10 will be described next.

[0037] First, if expiratory air is exhaled from a mouth
or nose wearing the mask 13, the pressure inside the
mask 13 increases. If the pressure inside the mask 13 is
increased, the increased value is sensed by the airgauge
14. The sensing data is output to the control unit 17. On
the basis of the sensing data, the control unit 17 controls
the expiratory valve 15. More specifically, the control unit
17 operates the expiratory valve 15to open the expiratory
hole 13a as shown in Fig. 9(A). The expiratory air is re-
leased to the outside of the mask 13 through the expir-
atory hole 13a.

[0038] The release of the expiratory air to the outside
of the mask 13 causes the pressure inside the mask 13
to decrease. If the pressure inside the mask 13 is de-
creased, the decreased value is sensed by the air gauge
14. The sensing data is output to the control unit 17. On
the basis of the sensing data, the control unit 17 controls
the expiratory valve 15. More specifically, the control unit
17 operates the expiratory valve 15 to block the expiratory
hole 13a. This forms an enclosed space inside the mask
13, thus enabling an inspiratory operation.

[0039] Subsequently, if inspiration is performed by the
mouth or nose wearing the mask 13, the pressure inside
the mask 13 is decreased. If the pressure inside the mask
13 is decreased, the decreased value is sensed by the
air gauge 14. The sensing data is output to the control
unit 17. On the basis of the sensing data, the control unit
17 controls the supply source 11. More specifically, the
control unit 17 opens the regulating valve 20 to send out
the gas from the gas tank 19 as the inspiratory air as
shown in Fig. 9(B). Thereafter, the pressure inside the
mask 13 is increased. If the pressure inside the mask 13
is increased, the increased value is sensed by the air
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gauge 14. The sensing data is output to the control unit
17. On the basis of the sensing data, the control unit 17
controls the supply source 11. More specifically, the con-
trol unit 17 closes the regulating valve 20 to stop the
sending out of the gas from the gas tank 19 as the inspir-
atory air. Thereafter, the expiratory operation and the in-
spiratory operation are repeated in the same manner.
[0040] Here, if the deformation directions of the piezo
element 15a correspond to the direction away from the
inner surface 13f and the direction closer to the inner
surface 13f, such deformation directions are substantially
parallel to the direction of a force generated by a pressure
difference between the inside and the outside of the mask
13. Thus, the piezo element 15a is easily deformed by
such aforce generated by a pressure difference between
the inside and the outside of the mask 13. In the respi-
ratory assistance device 10 described above, on the oth-
er hand, the expiratory valve 15 is disposed so that the
deformation directions of the piezo element 15a corre-
spond to directions along the inner surface 13f. Thus, the
deformation directions of the piezo element 15a are sub-
stantially perpendicular to the direction of the force gen-
erated by the pressure difference between the inside and
the outside of the mask 13. Consequently, the piezo el-
ement 15a is hardly deformed by such a force generated
by the pressure difference between the inside and the
outside of the mask 13. In this manner, the expiratory
valve 15 has rigidity enough to resist the pressure from
the expiratory hole 13a. Moreover, since the piezo ele-
ment is simply employed as the expiratory valve 15 itself,
an increase in procurement cost or processing cost can
be avoided. Furthermore, the expiratory valve 15 having
such a structure is switchable among an intermediate
state in which part of the expiratory hole 13a is closed
as well as the opened state and the blocked state.
[0041] The length L,y of the expiratory hole 13a in the
width direction D,y decreases toward the direction Dy4
as shown in Fig. 7. Thus, the aperture ratio of the expir-
atory hole 13a can be fine-tuned more easily in a range
where the expiratory hole 13a has a small aperture ratio
than in arange where the expiratory hole 13a has alarge
aperture ratio.

[0042] Moreover, the expiratory valve 15 is disposed
so that the deformation directions of the piezo element
15a correspond to the directions along the inner surface
13f as shown in Fig. 2. Thus, the fully-opened state of
the expiratory hole 13a can be easily obtained with a
smaller deformation amount of the piezo element 15a as
compared with the case where the deformation directions
ofthe piezo element 15a correspond to the direction away
from the inner surface 13f and the direction closer to the
inner surface 13f.

[0043] Furthermore, since the expiratory valve 15 is
configured to include the piezo element 15a, such an
expiratory valve 15 has longer endurance, and is thus
less likely to break, as compared with a case where an
electromagnetic valve is employed as the expiratory
valve.
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[0044] Thus, the application of the present invention
allows a patient with, for example, sleep apnea syndrome
to use such a device as a home artificial respirator.
[0045] Moreover, the expiratory valve 15 is in the state
in which the expiratory hole 13a is opened under no ap-
plication of a voltage to the piezo element 15a. Thus,
even when the expiratory valve 15 fails to operate due
to breakdown or the like, such an expiratory valve 15 is
putin the state in which the expiratory hole 13ais opened,
thus securing the expiratory pathway.

[0046] Moreover, since the expiratory valve 15 is pro-
vided in the mask 13, the expiratory valve 15 can respond
to the expiratory operation quickly, thus reducing a bur-
den on the patient.

[0047] Furthermore, since the expiratory valve 15 is
provided inside the mask 13, interference between the
expiratory valve 15 and an object outside the mask 13
can be prevented from occurring. Note that the expiratory
valve 15 may be provided on the outer surface of the
mask 13.

[0048] Although the length Ly of the expiratory hole
13a in the width direction Dy decreases toward the di-
rection Dy;4 as shown in Fig. 7 in the above-described
embodiment, the present invention is not limited thereto.
For example, the length L,y of the expiratory hole 13ain
the width direction D,y may increase toward the direction
D1 as shown in Fig. 10. In this case, the gradient of a
graphinFig. 11 is in a negative value range and decreas-
es as the input voltage V increases.

[0049] Alternatively, a plurality of expiratory holes 13a
with a predetermined gap therebetween in the direction
Dy or the direction Dy, may be provided in the mask
13 as shown in Fig. 12. In this case, the expiratory valve
15 is switchable among a state in which all of the plurality
of expiratory holes 13a are opened, a state in which part
of the plurality of expiratory holes 13a is closed and the
remaining part thereof is opened, and a state in which all
of the plurality of expiratory holes 13a are closed. The
length Ly of each of the plurality of expiratory holes 13a
shown in Fig. 12 increases toward the direction Dy;4. In
such a case, a graph (see Fig. 13) showing the relation-
ship between the input voltage V and the aperture ratio
of the expiratory hole 13a includes: two parts P1 and P3
over each of which the gradient is in a negative value
range and decreases as the input voltage V increases;
and a part P2 over which the gradient is 0. The part P2
is disposed between the part P1 and the part P3. The
range of the input voltage V having the part P2 can be
adjusted by the gap between the plurality of expiratory
holes 13a.

[0050] Although the lengths Ly of the plurality of ex-
piratory holes 13a increase toward the direction Dy in
Fig. 12, the lengths L,y of the plurality of expiratory holes
13amay decrease toward the direction Dy, inthe present
invention.

[0051] Alternatively, thelength L,y of one of the plurality
of expiratory holes 13a (the expiratory hole positioned
upstream in the direction Dy;4) may increase toward the
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direction Dy, whereas the length L,y of the other one
(the expiratory hole positioned downstream in the direc-
tion Dy,4) may decrease toward the direction Dy (see
Fig. 14). In this case, a graph (see Fig. 15) showing a
relationship between the input voltage V and the aperture
ratio of the expiratory hole 13a includes: a part P1 over
which the gradient is in a negative value range and de-
creases as the input voltage V increases; a part P3 over
which the gradient is in a negative value range and in-
creases as the input voltage V increases; and a part P2
disposed between the part P1 and the part P3, over which
the gradient is 0.

[0052] The accuracy of control for aperture ratios can
be set individually for each predetermined voltage range
by setting the shape of the expiratory hole 13a so that
the length L,y thereof increases or decreases toward the
direction Dy, as described above.

[0053] In the above-described embodiment, the posi-
tion of the tip 15h to cause the opened state and the
position of the tip 15h to cause the blocked state are
arranged in this order toward the direction Dy;4. However,
the present invention is not limited thereto. For example,
afirst opening position of the tip 15h to cause the opened
state of the expiratory hole 13a (V = V,, see Fig. 16(A)),
a blocking position of the tip 15h to cause the blocked
state of the expiratory hole 13a (V = Vg, see Fig. 16(B)),
and a second opening position of the tip 15h to cause
the opened state of the expiratory hole 13a (V =V, see
Fig. 16(C)) may be arranged in this order toward the di-
rection Dy,1. Moreover, the expiratory hole 13a is shaped
so that the length Ly thereof in the width direction Dy
decreases toward the direction Dy;4 and increases to-
ward the direction Dy;,. Thus, the profile of change in
aperture ratiowhen the tip 15h is moved from the blocking
position (see Fig. 16(B)) to the first opening position (see
Fig. 16(A)) is different from that when the tip 15his moved
from the blocking position to the second opening position
(see Fig. 16(C)). In other words, this can yield different
profiles for change in aperture ratio. Furthermore, the
blocking position is set between the first opening position
and the second opening position. Thus, when the tip 15h
is at the blocking position, one of the profiles for change
in aperture ratio can be selected by the input value of the
input voltage V.

[0054] Inthe above-described embodiment, the expir-
atory hole 13a is shaped so as to be symmetric about an
axis extending in the width direction D\y. Consequently,
the different profiles for change in aperture ratio can be
obtained. However, the present invention is not limited
thereto. The shape of the expiratory hole 13a may be
symmetric about the axis extending in the width direction
Dy In such a case, two identical profiles for change in
aperture ratio can be obtained.

[0055] Although the opening and closing device in the
above-described embodiment employs the tip 15h of the
deformable expiratory valve 15 as an opening and clos-
ing mechanism, the presentinvention is not limited there-
to. A valve provided to the tip 15h of the deformable ex-
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piratory valve 15 may be used as an opening and closing
mechanism. Examples of use in such a case include the
following. The opening and closing of the expiratory hole
13a during a normal operation are performed on the low-
er-voltage side, i.e., between the first opening position
and the blocking position. Under an abnormal condition,
i.e., when a high voltage is input due to some trouble, it
is possible to open the expiratory hole 13a. This elimi-
nates the risk of blocking the expiratory hole 13a even
when a high voltage is input due to some trouble.
[0056] Note that the opening and closing device of the
present invention may be an opening and closing device
50 as shown in Fig. 18. The opening and closing device
50 includes the mask 13, a deformable member 51, an
opening and closing mechanism 52 capable of opening
and closing the expiratory hole 13a, and an aperture area
adjusting member 53 capable of adjusting the aperture
area of the expiratory hole 13a.

[0057] The deformable member 51 corresponds to the
expiratory valve 15 shown in Fig. 2, for example. Refer-
ring back to Fig. 18, the opening and closing mechanism
52 is provided to the deformable member 51. Thus, the
opening and closing mechanism 52 can move over the
expiratory hole 13a along the inner surface 13f. Further-
more, the surface of the opening and closing mechanism
52 on the inner surface 13f side has a shape and a size
capable of covering the aperture plane of the expiratory
hole 13a. Thus, the opening and closing mechanism 52
is movable between a state in which the expiratory hole
13a is opened (see Fig. 18(A)) and a state in which the
expiratory hole 13a is closed (see Fig. 18(B)).

[0058] The aperture area adjusting member 53 is also
movable over the expiratory hole 13a along the inner
surface 13f because it is provided to the deformable
member 51. Moreover, the aperture area adjusting mem-
ber 53 is apart from the opening and closing mechanism
52 by a predetermined gap G. The gap G preferably has
a size just enough to cause the exposure of not all but
part of the expiratory hole 13a (see Fig. 19).

[0059] The function of the opening and closing device
50 will be described next.

[0060] AsshowninFigs.18and 19, astheinputvoltage
V from the expiratory valve control unit 35 increases, the
opening and closing device 50 sequentially switches
among a state in which the entire aperture plane of the
expiratory hole 13ais opened (see Fig. 18(A)), a state in
which only the aperture area adjusting member 53 blocks
part of the expiratory hole 13a (see Fig. 19(A)), a state
in which each of the opening and closing mechanism 52
and the aperture area adjusting member 53 blocks part
of the expiratory hole 13a (see Fig. 19(B)), and a state
in which the entire aperture plane of the expiratory hole
13a is blocked (see Fig. 18(B)). As the input voltage V
from the expiratory valve control unit 35 decreases, the
opening and closing device 50 sequentially switches in
the reverse order. Consequently, a graph (see Fig. 20)
showing a relationship between the aperture ratio of the
expiratory hole 13a and the input voltage V includes:
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parts P1 and P3 each exhibiting a decreasing function;
and a part P2 exhibiting an increasing function. The pro-
file for change in aperture ratio can be appropriately ad-
justed by the opening and closing mechanism 52, the
shape of the aperture area adjusting member 53, the
shape of the expiratory hole 13a, and the gap G.
[0061] Although the opening and closing mechanism
52 and the aperture area adjusting member 53 are
spaced apartfrom each otherinthe above-described em-
bodiment, the present invention is not limited thereto. A
connecting member 55 may be used to directly connect
the opening and closing mechanism 52 and the aperture
area adjusting member 53 (see Fig. 21). Furthermore,
the opening and closing mechanism 52 and the aperture
area adjusting member 53, or the opening and closing
mechanism 52, the aperture area adjusting member 53,
and the connecting member 55 may be integrally formed.
[0062] Although the single deformable member 51 is
used to move the opening and closing mechanism 52
and the aperture area adjusting member 53 in the above-
described embodiment, the present invention is not lim-
ited thereto. One deformable member 51 may be used
to move the opening and closing mechanism 52, and
another deformable member 51 may be used to move
the aperture area adjusting member 53.

[0063] Note that two expiratory valves 15 may be em-
ployed. One tip 15h thereof (see Fig. 6) may be used as
an opening and closing mechanism and the other tip 15h
thereof (see Fig. 6) may be used as an aperture area
adjusting member.

[0064] Although the length L,y of the single expiratory
hole 13a in the width direction Dy is defined as an "ap-
erture length" in the above-described embodiment, the
present invention is not limited thereto. When a plurality
of expiratory holes 13a are provided in the mask 13, the
sum of the lengths L,y of the expiratory holes 13a in the
width direction D\, may be defined as an "aperture
length."

[0065] Fig. 22 illustrates an exemplary configuration of
arespiratory assistance device 70 according to a second
embodiment. The respiratory assistance device 70 in-
cludes a micro pump 100 as the supply source 11 and
includes only the mask 13 as an inspiratory pathway. In
other words, the micro pump 100 is directly connected
to the mask 13. The micro pump proposed in Patent Lit-
erature WO 2008/069266 is used as the micro pump 100.
The micro pump 100 includes a primary blower chamber
101, and a secondary blower chamber 102 formed out-
side the primary blower chamber 101 as shown in Fig.
23(A).

[0066] The primary blower chamber 101 includes a pi-
ezoelectric element 103 to serve as a vibrating source,
a diaphragm 104 to which the piezoelectric element 103
is fixed; and a vibration frame 105 that forms a space
together with the diaphragm 104. The vibration frame
105 has an opening 106 for moving a fluid between the
inside and the outside of the primary blower chamber
101. The secondary blower chamber 102 has an inlet
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107 on the diaphragm 104 side and an outlet 108 facing
the opening 106.

[0067] In the above micro pump 100, when the piezo-
electric element 103 causes the diaphragm 104 to reso-
nate, a fluid moves between the primary blower chamber
101 and the secondary blower chamber 102. The fluid
resistance resulting from such fluid movement causes
the vibration frame 105 to resonate. The resonance of
the diaphragm 104 and the vibration frame 105 causes
the fluid to be drawn in from the inlet 107 and causes the
fluid to be discharged from the outlet 108.

[0068] The micro pump 100 is suitable for use as a
blower for conveying a gas and capable of conveyance
without the use of a check valve. While the micro pump
100 is extremely small with a box shape having an outer
dimension of about 20 mm x 20 mm x 2 mm, the micro
pump 100 can convey air of up to about 1 L/min (under
the static pressure of 0 Pa) when the input sine wave has
15 Vpp (volt peak to peak) at 26 kHz. Such a micro pump
100 can also obtain a static pressure of up to about 2
kPa (the flow rate is 0 L/min).

[0069] However,since afluid is conveyed by the vibra-
tion of the diaphragm 104 caused by the piezoelectric
element 103, the micro pump 100 has naturally a limita-
tion in the volume of a conveyable fluid. Thus, this static
pressure-flow rate characteristic also exhibits a straight
line as shown in Fig. 23(B). More specifically, in order to
obtain a static pressure of about 1 kPa, for example, the
flow rate is 0.5 L/min.

[0070] When the Vpp value of the input sine wave is
changed to 10 or 20, the amplitude of the piezoelectric
element 103 also changes, thus causing the flow rate
and the pressure to change. In other words, when the
Vpp value of the input sine wave is changed smoothly,
the flow rate and the pressure can be changed smoothly.
Alternatively, a change in the frequency of the input sine
wave can cause the flow rate and the pressure to change.
In other words, when the frequency of the input sine wave
is changed smoothly, the flow rate and the pressure can
be changed smoothly. Note however that the flow rate
and the pressure have upper limits according to the ca-
pacity of the piezoelectric element 103 and the strength
or durability of the material. The micro pump 100 is typ-
ically used at the rated Vpp and frequency.

[0071] Although the monomorph (unimorph) structure
in which the single piezoelectric element 103 is attached
to the diaphragm 104 has been discussed here, it is ap-
parentthat a bimorph structure in which two piezoelectric
elements are attached to each other to increase the
amount of vibration may be employed.

[0072] Note that the respiratory assistance device of
the present invention is not limited to the above-de-
scribed embodiments. It will be appreciated that various
modifications are possible without departing from the
scope of the present invention. Moreover, the compo-
nents of the above-described embodiment may be ap-
plied to other embodiments if applicable.

[0073] Note that the above-described opening and
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closing device can be applied not only to open and close
a hole through which expiratory air passes but also to
open and close a hole through which a fluid (a gas or a
liquid) passes as well as to open and close a hole through
which a solid passes.

Claims
1. An opening and closing device comprising:

a separating member having a separating sur-
face in which a flow hole is opened; and

an opening and closing mechanism for opening
and closing the flow hole, wherein

the opening and closing mechanism is movable
along the separating surface between a first po-
sition and a second position each having a dif-
ferent aperture area of the flow hole, and
when a direction perpendicular to a moving di-
rection of the opening and closing mechanism
is defined as a width direction, an aperture
length of the flow hole in the width direction in-
creases or decreases from the first position to-
ward the second position.

2. The opening and closing device according to claim
1, wherein
an aperture ratio of the flow hole when the opening
and closing mechanism is located in the first position
is smaller than that when the opening and closing
mechanism is located in the second position, and
a rate of change in an aperture length of the flow
hole in the moving direction of the opening and clos-
ing mechanism is smaller at the first position than at
the second position.

3. The opening and closing device according to claim
1 or 2, wherein a plurality of the flow holes are pro-
vided in the separating member.

4. The opening and closing device according to claim
3, wherein the opening and closing mechanism clos-
es the plurality of the flow holes simultaneously.

5. The opening and closing device according to any
one of claims 1 to 4, wherein
the opening and closing mechanism is movable
among the first position, the second position, and a
third position,
the first position is disposed between the second po-
sition and the third position,
the flow hole is closed at the first position, and
the flow hole is opened at the second position and
the third position.

6. The opening and closing device according to claim
5, wherein a variation profile of the aperture length
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of the flow hole from the first position toward the third
position is different from a variation profile of the ap-
erture length of the flow hole from the first position
toward the second position.

The opening and closing device according to claim
5, wherein a variation profile of the aperture length
of the flow hole from the first position toward the third
position is the same as a variation profile of the ap-
erture length of the flow hole from the first position
toward the second position.

The opening and closing device according to any
one of claims 1 to 7, further comprising:

a piezoelectric element for holding the opening
and closing mechanism and moving the opening
and closing mechanism by deformation thereof;
and

a controller for controlling the deformation of the
piezoelectric element.

The opening and closing device according to any
one of claims 1 to 8, further comprising:

a piezoelectric element; and

a controller for controlling deformation of the pi-
ezoelectric element, and wherein

part of the piezoelectric element serves as the
opening and closing mechanism.

The opening and closing device according to claim
8 or 9, wherein a travel amount of the opening and
closing mechanism corresponds to a level of a signal
input from the controller to the piezoelectric element.

The opening and closing device according to any
one of claims 1 to 10, further comprising an aperture
area adjusting member movable along the separat-
ing surface, and wherein

a gap through which part of the flow hole is exposed
is formed between the aperture area adjusting mem-
ber and the opening and closing mechanism.

The opening and closing device according to claim
11, wherein the aperture area adjusting member is
connected to the opening and closing mechanism.

A respiratory assistance device comprising the
opening and closing device according to any one of
claims 1 to 12, wherein

the separating member is formed by a mask for cov-
ering a nose or a mouth, and a communicating pipe
communicated with a space formed inside the mask
in a worn state.

The respiratory assistance device according to claim
13, wherein the flow hole is formed in the mask.
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The respiratory assistance device according to claim
14, wherein the flow hole is formed in the communi-
cating pipe.

The respiratory assistance device according to any
one of claims 13 to 15, wherein the flow hole forms
an expiratory pathway through which expiratory air
exhaled from the nose or the mouth passes.
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